As commercial, off-the-shelf, services enable people to easily connect with friends and relatives, video-mediated communication is filtering into our daily activities. With the proliferation of broadband and powerful devices, multi-party gatherings are becoming a reality in home environments. With the technical infrastructure in place and has been accepted by a large user base, researchers and system designers are concentrating on understanding and optimizing the Quality of Experience (QoE) for participants. Theoretical foundations for QoE have identified three crucial factors for understanding the impact on the individual's perception: system, context, and user. While most of the current research tends to focus on the system factors (delay, bandwidth, resolution), in this paper we offer a more complete analysis that takes into consideration context and user factors. In particular, we investigate the influence of delay (constant system factor) in the QoE of multi-party conversations. Regarding the context, we extend the typical one-to-one condition to explore conversations between small groups (up to five people). In terms of user factors, we take into account conversation analysis, turn-taking and roletheory, for better understanding the impact of different user profiles. Our investigation allows us to report a detailed analysis on how delay influences the QoE, concluding that the actual interactivity pattern of each participant in the conversation results on different noticeability thresholds of delays. Such results have a direct impact on how we should design and construct videocommunication services for multi-party conversations, where user activity should be considered as a prime adaptation and optimization parameter.
INTRODUCTION
Video-Conferencing is lately moving from the office to the home, where broadband bandwidth is widely available and devices can now easily join a session. More recent advances are enabling the next logical step: video-mediated group conversations. This paper explores this use case, analyzing the influence of the interactivity of each of the participants in the conversation. Unlike previous research that typically concentrates on system factors, we take into consideration the context and user factors. In particular, we study the effect of delay and participation on the QoE of small gatherings. The majority of previous research on QoE for remote communication has concentrated on dyadic use cases. For audioonly dyadic communication this has been extensively investigated and 150ms have been established as an industry standard for an acceptable delay [6] . This simple model of optimizing towards a minimal delay is not sufficient for the reality of the internet infrastructure. Currently, the situation is different, since video communication providers operate in the internet, where a multitude of uncontrollable, unknown and unforeseeable network problems can arise. To appropriately configure this complex infrastructure, under varying network conditions, a meticulous and comprehensive study of the different factors affecting the QoE is required. Previous research [11] has indicated that system factors alone are not sufficient to understand the QoE of an individual in a specific situation. This paper aims to advance this understanding by comparing different contexts and different interactivity patterns. In the past, the turn-taking model has been used in dyadic conversations to estimate the interactivity of a conversation [5] .
However, this approach is not applicable anymore to multi-party conversations, since a different perception for each participant might arise depending on his/her involvement. We already reported about the investigation of asymmetric delay conditions and general differences between asymmetric, symmetric and dyadic setups [12] . In this paper we make a more fine-grained analysis user interactivity taking into account role-theory as well. This paper aims to investigate the following novel research questions, regarding delay in multi-party video-mediated conversations:
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RELATED WORK
Theoretical models [9, 11] established that QoE is shaped mainly by three aspects: the system, the user and the context. From the system side, we want to investigate delay, since it is an inherent factor of remote-communication. The dyadic case has been investigated for unscripted scenarios [14] and scripted scenarios [15] . The multi-party scenario has been evaluated for the high-end halo system [4] and for scenarios that use unconventional settings (TV screen, several cameras) [2] . [4] . This, however, has recently shifted towards the home environment, exploring new scenario and setups for connecting families [1] . One approach is to use scripted conversations, i.e. the participants are told beforehand exactly what to say (e.g. alternated counting, number verification or a script for a service encounter [7] ). These tasks reduce variability and influences that might occur in a natural conversation. The revealed lower boundaries are more sensitive, but this might not reflect the actual threshold in a conversation. For unscripted scenarios, the minimal requirement is to provide a topic for conversation [4] , e.g. favorite food. Often goal-oriented tasks are employed, like a decision-making process [7] .
An approach to look at the organization of conversations (who speaks when, and how do we manage not to speak all at the same time) is the turn-taking model [10] . It describes how we implicitly arrange our conversations by taking turns of connected utterances. Speech metrics have been used to qualify interactivity of a conversation [5] or the differences of speech synchronization [13] .
METHODOLOGY
Our study of multi-party video-mediated discussions under delay investigated asymmetric and symmetric delay conditions. We already reported about the asymmetric case which used a slightly different setup (different delay conditions and quiz questions) thus this paper focuses on the symmetric case. The study followed an experimental design with randomized conditions. In our study participated 39 (20 female, 19 males, with an average age of 36 years (min 20 years, max 60 years)). All groups were of mixed gender, in two groups 3 and 2 participants respectively knew each other beforehand. The experiment was conducted in English, in which all participants were fluent. Participants were in groups of 5, except one group with 4 participants, as one participant did not show up and it was not possible to find a replacement in time. All participants were seated in separate rooms after an introduction round in which we explained our research and the experiment. The task of our participants was a quiz style question-select answer scenario. The participants had to discuss together the best answer to questions about surviving in the wilderness. The task is based on the team building exercise from [3] . One participant was asked to be the moderator, to submit the final group answers and move the discussion along to keep the 10 minutes time constraint per round. The order of the quiz-questions did not change in the experiment but the order of the delay. Each round of questions was in total 8 times discussed, twice under each condition. After each round we assessed subjective feedback via questionnaires, in this paper we examining our questions related to perceived quality, shown in Table 1 . The questions all used a nine-point likert-like scale.
To conduct the experiment and set the desired delay conditions, we used the VMC-TB, presented in [11] , the exact technical configuration and test conditions can be found in Table 2 .
RESULTS
The responses were normally distributed, with respect skewness and kurtosis below 2. We used ANOVA to compare the goodness of a fitting a linear model with our data, to assess whether there was general effect our independent variable delay towards the dependent variables (see Table 1 ). We performed a pairwise difference test with the pairwise student's t-test to see which tests are significantly different. We clustered out participants by speech patterns using kmeans into two groups: active and inactive participants. For the differences between the active and non-active groups (see Section 4.1) the Mann-Whitney U test. We asked participants to rate the quality of the connection, how Not at all <-> Very much 
Conditions
•0ms-delay (avg = 75ms, sd = 31ms)
•500ms-delay (avg = 564ms, sd = 34ms)
•1000ms-delay (avg=1065ms, sd = 39ms)
•2000ms-delay (avg = 2058ms, sd= 57ms).
annoyed they were by the delay and how much they noticed the delay. The responses to these items are shown in Figure 1 . For all items, a lower score means a worse perception, i.e. less quality, more annoyance or the delay was more noticeable. The analysis revealed that the influence of delay on the quality question was statistically significant (p < 0.05). Influence of delay on annoyance was statistically significant (p < 0.05). The influence of delay on noticeability was just below the significance confidence of 0.05 (p = 0.052). Thus, for the noticeability, we performed a pair-wise comparison of the conditions using a onetailed pair-wise T-Test. This revealed that the noticeability of delay between 0ms and 500ms is nearly identical (p = 0.402), but there is a significant difference between 500ms and 1000ms (p = 0.018) and no statistical differences between 1000ms and 2000ms (p = 0.099). The differences between 0ms->1000ms, 0ms->2000ms and 500ms->2000ms are also statistical significant (p < 0.05).
Qualification by Speech Patterns
We further hypothesize that a concrete speech pattern will influence perception. While the approach in previous research was to build an interactivity metric for the whole conversation [5, 13, 15] , we use speech patterns to group the participants. We clustered our participants by speech patterns using k-means into two groups: active and non-active participants. We divided participants by the amount of speaking time, when compared to the total speaking time of the group. From the automatically generated speech pattern data we computed the percental amount of speaking time each participant had in each round. For the clustering process we offset this value by the standard deviation of all our samples and the deviation of the group of the participant. We then used the k-means algorithm to perform the classification. The elbow-criterion was used to determine that we gain the most explanation of variance with two clusters. Figure 2 shows the results for the three questionnaire items. We performed a pairwise comparison of different delay conditions for active and non-active participants. Active participants have a significant drop in the perception between 0ms and 500ms (p = 0.014), but not between the other conditions (p > 0.05). For nonactive participants only the difference between 500ms and 1000ms is statistically significant (p = 0.003, for other conditions p > 0.05).
The comparison of the differences between active and non-active participants showed that there are indications that the perception of quality is different at 500ms (p = 0.013), but very similar at the other conditions (p > 0.1). For annoyance, the results follow a similar pattern. Active participants have a significant (p = 0.025) rise in annoyance between 0ms and 500ms while for non-active participants the difference is insignificant. 1000ms is the statistical significant (p = 0.009) difference for non-active participants, being now nearly the same as for active participants. Interestingly the difference between 1000ms and 2000ms is strongly noticeable for non-active participants (p = 0.0003) but not for active participants (p=0.15). Noticeability is generally less affective by delay. Both groups start with a similar perception at 0ms, going minimal up for non-active participants and slightly for the active one, but for both groups the difference is not significant. Due to the large variance the difference becomes noticeable for active participants between 0ms and 1000ms (p= 0.034) and between 0ms and 2000ms (p= 0.004) for non-active participants. Interestingly the difference for nonactive participants happens between 500ms and 1000ms (p= 0.048) but not between 0ms and 1000ms (p = 0.116).
DISCUSSION 5.1 Thresholds
Our data from the generalized case (see Figure 1) , suggests that noticeable quality degradation sets in between 500ms and 1000ms delay. This is a higher delay than reported in dyadic studies [14, 15] and similar to the study from Berndtsson et al. [2] .
Contrary to disturbances in audio-and video-streams participants cannot observe a delay directly. It is only indirectly perceivable due to e.g. longer pauses and more double talk. Even though participants in our experiment were aware that the connection might be delayed, it was still difficult for some participants to assess whether it was a technical problem. The variance of the perception of delay was thus very high between participants, as was also revealed in the debriefing discussions: Although the participants gave relatively good ratings, after exploring the recordings, we observed that the delay forces participants to employ additional explicit organization mechanisms. Instead of somebody taking a turn by simply speaking, another participants would hand the turn explicitly (verbally) over to another participant. The change of conversation structure and the comments of our participants suggests that with a one-way delay between 1000ms and 2000ms, a conversation without additional explicit organizing mechanisms is not possible.
Active and non-active participants
The variance we could observe in our responses and the highly different perception reported in the debriefing, suggests that there are other factors at play. We could observe in most group, that the participant assigned as the moderator took over the leading role. In some groups, a particularly shy person was chosen by chance as moderator, causing another participant to take over this role. This classification usually results in one or two active participants. In our data analysis we showed that by using the amount of speaking time, we found two groups with distinct perceptions. For the active participants the noticeable degradations did already occur in between 0ms and 500ms. While for normal participants the difference was still between 500ms and 1000ms.
The results show that to understand the impact of delay the interaction in the context has to be considered in detail. 
CONCLUSION
We have reported on the first user experience evaluation of a five party scenario with off-the-shelf end-user hardware. We found that the degradation of quality perception was strongly noticeable between 500ms and 1000ms. We described how we designed a scenario that allows us to gain insight into role based perception. We provided a novel approach to use turn-taking data to gain insights into the differences in experiencing delay for individual participants in one session. In this setting we were able to classify our participants, based on their actual interaction, into active and non-active participants. The analysis showed that more active participants already perceive the quality degradation between 0ms and 500ms while for non-active participants this drop is between 500ms and 1000ms. We observed that communication is possible even with high delays of over 2000ms, but the implicit conversation organization is replaced by an explicit one. The result shows that even though the QoE of active participants suffers under high delay conditions, the overall average QoE might still be satisfactory. These findings give us indications on which participants to prioritize in situations where the resources are limited in demanding multi-point scenarios.
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